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INTRODUCTION
PURPOSE AND SCOPE
The Salinas Valley region is favorable for the study of individual formations over a large area because the sedimentary units there are generally widespread and well exposed. The information gathered is useful in interpreting the geologic history and in evaluating the economic mineral potential of the region. U.S. Geological Survey work in the Salinas Valley involves the preparation first, of geologic maps and reports that describe particular quadrangles and, then, of a summary report of regional scope. The first of the reports of local scope described the Reliz Canyon, Thompson Canyon, and San Lucas quadrangles (Durham, 1963) , and the second described the Cosio Knob and Espinosa Canyon quadrangles (Durham, 1964) . This paper, the third report, describes the Jolon and Williams Hill quadrangles. It includes geologic maps of the Jolon (pi. 1) and Williams Hill (pi. 2) quadrangles, structure sections across them, a list of wells drilled for oil in the map area (table 2) , and a list of fossil localities (table 3) . The report is preliminary in that some of the interpretations and conclusions are tentative and may be revised as the result of later work.
LOCATION OF AREA
The Jolon and Williams Hill YI/^-minute quadrangles are west of the Salinas Eiver in southern Monterey County, Calif, ( fig. 1 ). They include part of the drainage areas of the San Antonio and Nacimiento Rivers, both major western tributaries of the Salinas River. More than half of the map area is within the Hunter Liggett Military Reservation.
PREVIOUS WORK Whitney (1865) gave the first published description of rocks in the map area. He (p. 148) portrayed the region between the Nacimiento and San Antonio Rivers as being made up of high ridges of "bituminous slate," his term for the Monterey Shale, and recognized the general northwest strike of the beds. He (p. 149) noted that the "bituminous slate" is folded and underlain by sandstone that extends southwest to near the Nacimiento River. Whitney (p. 150 ) also mentioned terraces along the San Antonio River and (p. 158) gold placer operations in the San Antonio River Valley. Fairbanks (1893, p. 72; 1894, p. 514 ) remarked on outcrops of granitic rock in the hills between the Nacimiento and San Antonio Rivers and described a syncline in beds of Late Cretaceous age near the Nacimiento River. Later Fairbanks (1900, p. 143 ) noted the occurrence of "flinty organic shales of the oil-producing formation," that is, of Monterey Shale, near and north of the San Antonio River. Nutter (1901, p. 335) described the hills between the Nacimiento and Salinas Rivers as being composed almost entirely of sandstone and shale of Miocene age, and he described the valleys of the Nacimiento and San Antonio Rivers as being filled with sands and gravels of Pliocene age. Hamlin (1904, p. 12) reported the local name Sierra de las Piedras for the range of hills between Nacimiento and San Antonio Rivers and represented the ridge as one that diverges from the main Santa Lucia Range to the west. He included charts giving the monthly discharge of the San Antonio River (p. 51) and seasonal rainfall at Jolon(p.43, 44) . Lawson and others (1908, p. 22) stated that the Nacimiento and San Antonio Rivers occupy well-defined subsequent valleys and explained (p. 19) that the location of the valley of the San Antonio River is probably influenced by the trace of a large fault. Davis (1912, p. 696) noted the occurrence of placer gold deposits of little economic value in the gravels of the Nacimiento and San Antonio River Valleys.
Vander Leek (1921, p. 87) described the hills northeast of the valley of the San Antonio River as being composed of intensely crushed and folded Monterey Shale, and he mentioned a fault along the northeast side of the valley. He also indicated (p. 86) that the rocks that crop out in the area between the Nacimiento and San Antonio Rivers belong mainly to the Vaqueros Formation. Hill (1923, p. 325) noted the production of a small quantity of placer gold by Chinese workmen, who had washed gravels of the San Antonio River near Jolon before 1887. Reed (1925, p. 593) listed two exposures of the contact of the Monterey Shale and the overlying sandstone beds that he assigned to the Santa Margarita Formation. One exposure is along Deer Creek, at or near the south edge of the Williams Hill quadrangle in sec. 3, T. 24 S., R. 8 E., and the second is "along road near crossing of San Antonio [River], sec. 35 [sec. 36?] , T. 23 S., R. 8 E." Reed (p. 601) described the contact on Deer Creek in detail. Pike (1926) contrasted the crumpled and overturned beds of the Monterey Shale with the more moderately folded beds of the Vaqueros Formation in the region of the Nacimiento and San Antonio Rivers. He claimed that the Recent gravels in the San Antonio River Valley, are tilted slightly southwest. Wiedey (1928, p. 123) described "Turritella montereyana" from a locality in sec. 3, T. 24 S., R. 8 E., near the south edge of the Williams Hill quadrangle. Clark (1930, p. 801) applied the name San Antonio fault zone to structural features near and parallel to the San Antonio River. He pointed out the marked contrast between the .area southwest of the <;
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San Antonio River, where a thick sequence of beds of pre-Miocene age j overlies the basement complex, and the area northeast of the river, where beds of Miocene age generally lie on the basement complex. He (Clark, 1932, p. 394 ) attributed a pre-Miocene age to his San Antonio fault zone and remarked that the Cretaceous, Eocene, and Miocene sedimentary rocks southwest of the zone "have the appearance of gradv ing into each other." Taliaferro (1943a, p. 141) asserted that west of t/he San Antonio River pronounced angular unconformities occur at the base of the sandstone beds that overlie the Monterey Shale and (p. 147) at the base of the Paso Robles Formation. Taliaferro (1943b, p. 456; 1944, 1 fig. 7) also indicated that strata exposed near the Nacimiento River > are of Late Cretaceous age. Bramlette and Daviess (1944) remarked about the thinness of the Vaqueros Formation in sec. 6, T. 24 S., R. 8 E., near the southeast corner of the Jolon quadrangle, and they described the contact there between the Vaqueros and older rocks as an angular discordance. These authors also showed the general distribution of the Vaqueros in the Y may area and included structural contours that depict the top of the formation. Kilkenny (1948, fig. 1 
STRATIGRAPHY
GENEBAL FEATURES
The pre-Tertiary basement complex crops out in the map area in only two places, but the basement rock reportedly was reached by 13 of the 17 wells drilled for oil there (table 2). Sedimentary rocks that are at least partly of probable Paleocene age crop out in the southwestern part of the Jolon quadrangle. Their stratigraphic relation to younger Teritary units is unclear because these sedimentary rocks are in fault contact with the younger rocks exposed in the map area.
Marine rocks of Miocene and Pliocene age and nonmarine beds of Pliocene and Pleistocene age crop out on both sides of the San Antonio River Valley. Plate 3 shows the sequence, generalized lithology, and approximate thickness of stratigraphic units in the map area.
PRE-TERTIARY BASEMENT COMPLEX
The basement complex is concealed in the map area except at two places 1% miles northeast of the Nacimiento River in sees. 20 and 21, T. 23 S., R. 7 E., where biotite-rich granitic rocks crop out. These outcrops are shown on the geologic map (pi. 1) as fault-bounded slivers, but this depiction is simply a suggested explanation for the occurrence of these poorly exposed rocks. Similar basement rocks crop out about 3 miles to the northwest, outside of the map area. The basement rocks are presumably part of the plutonic mass that Lawson (1893, p. 6) named the Santa Lucia Granite and that Trask (1926, p. 134) called the Santa Lucia Quartz Diorite. The age of these rocks may be similar to the age of granodiorite near Carmel Bay that Curtis, Evernden, and Lipson (1958, p. 9) determined by the potassium-argon method to be 81.6 million years, or Late Cretaceous in the geological time scale of Holmes (1960) .
TERTIARY(P) SYSTEM
PALJEOCENEC?) SERIES
UNNAMED FORMATION
Beds that crop out in a triangular area of about 15 square miles in the southwestern part of the Jolon quadrangle are part of a formation Q7 that is left unnamed. The unit is absent or concealed elsewhere in the map area and is absent or unrecognized in wells drilled north of the San Antonio Kiver. The base of the unnamed formation is concealed in the map area, except possibly in sees. 20 and 21, T. 23 S., R. 7 E., where the unit could be in depositional contact, rather than in fault contact, with the basement complex. The formation is in fault contact with younger Tertiary rocks exposed in the map area.
LITHOLOGY ' ;
The unnamed formation is chiefly sandstone that is massive ( fig. 2 ), medium and coarse grained, poorly sorted, noncalcareous, and moderate yellowish brown although locally the sandstone is fine grained, thin bedded ( fig. 3) , or calcareous. The formation also includes conglomerate, conglomeratic sandstone, and siltstone. Pebbles and cobbles in the conglomerate are rounded and are mainly of plutonic rocks and gneiss, schist, and quartzite similar to rock in the basement complex of the Santa Lucia Eange to the northwest. The siltstone is generally massive, noncalcareous, and moderate yellowish brown. A thin section of massive poorly sorted sandstone from sec. 6, T. 24 S., R. 8 E., near the southeast corner of the Jolon quadrangle, contains about 45 percent quartz, 20 percent feldspar, 5 percent biotite, and FIGUKE 2. Sandstone of Paleocene(?) age exposed near the E>4 cor. sec. 20, T. 23 S., R.
7 E. The massiveness and cavernous weathering of the rock are typical of the unnamed formation.
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CONTRIBUTIONS TO GENERAL GEOLOGY 30 percent matrix of silt or clay.1 The sand grains are subangular or subrounded and are mainly 0.3 to 1 mm in diameter, although some grains and granules are as large as 3.5 mm. A thin section of laminated and cross-laminated sandstone from near the SW cor. sec. 8, T. 23 S., E. 7 E., contains about 40 percent quartz, 25 percent feldspar, and 35 percent biotite. The sand grains are angular and subangular and are generally about 0.1 mm in diameter. A thin section of thinbedded calcareous sandstone from near the south edge of sec. 33, T. 23 S., E. 7 E., contains about 15 percent quartz, 30 percent feldspar, 10 percent biotite, and 45 percent calcite matrix. The sand grains are angular to subrounded and 0.2 to 0.6 mm in diameter.
THICKNESS
Apparently neither the base nor the top of the unnamed formation crops out in the map area. If the beds north of the Nacimiento Eiver in sees, 28 and 33, T. 23 S., E. 7 E., and sec. 4, T. 24 S., E. 7 E., form a relatively simple monocline, as suggested by scattered exposures, the formation must be at least 3,500 feet thick there. The thickness indicated on structure section A-A' (pi. 1) is greater than 3,700 feet. 
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AGE AND CONDITIONS OF DEPOSITION
The unnamed formation contains few fossils, and because it is in fault contact with other rocks in the map area, its stratigraphic position is doubtful. Fossil Foraminifera from mudstone at locality Mf722, southwest of the Nacimiento River in the Jolon quadrangle, indicate a probable Paleocene age for at least part of the formation (M. C. Israelsky, oral commun., 1963). Sandstone and mudstone beds that are similar to those in the unnamed formation crop out about 9 miles northwest of the Jolon quadrangle. There, at fossil locality M1677, 725 feet south and 300 feet east of the NW cor. sec. 36, T. 21 S., R. 5 E., in the Cone Peak T^-minute quadrangle, sandstone beds contain Turritella pachecoensis and are thus considered to be of Paleocene age (W. 0. Addicott, written commun., 1963). The fossil Foraminifera indicate that the unit is at least partly of marine origin.
TEBTIABY SYSTEM
MIOCENE: SERIES VAQUEROS FORMATION
Hamlin (1904) gave the name Vaquero Sandstone to strata exposed along Vaqueros Creek, about 13 miles northwest of the Jolon quadrangle. Others (for example, English, 1918) later applied the modified term Vaqueros Sandstone to the unit, but the name Vaqueros Formation, which lacks a lithologic characterization, best reflects the diversity of rocks in the formation at its type area (Durham, 1963) .
The Vaqueros Formation crops out southwest of the San Antonio River in a belt as wide as one-half mile that trends northwest across the Jolon quadrangle. The exposed Vaqueros is in fault contact with older rocks. Sandstone that overlies the basement complex in the subsurface northeast of the San Antonio River is probably at least partly Vaqueros (structure section A-A'', pi. 1).
LITHOLOGY
The Vaqueros Formation in the map area is chiefly sandstone thai is fine or medium grained, very light gray or yellowish gray, and calcareous, but locally it includes sandstone that is coarse grained and pebbly. The formation commonly consists of units of well-indurated sandstone that alternate with units of friable sandstone. The wellindurated sandstone is cemented with calcite, and the friable sandstone has a partly calcareous or silty matrix. Irregular or ellipsoidal calcareous concretions as long as 2 or 3 feet occur in the Vaqueros at some localities, and calcite commonly fills joints in the sandstone. The Q10 CONTRIBUTIONS TO GENERAL GEOLOGY thickness of individual sandstone beds is generally 1 to 3 feet, but in some places it is less than 1 inch. Mollusk shells or shell fragments are abundant in some beds. Three thin sections of random samples of well-cemented fine-grained sandy rock contain 50 to 60 percent calcite matrix, 20 to 25 percent quartz, 20 to 25 percent feldspar, 5 percent biotite, and less than 2 percent rock fragments and dark mineral grains. The sand grains are angular and subangular. Their size ranges from 0.06 to 0.35 mm across but is generally 0.1 to 0.2 mm. A thin section from a bed of massive, poorly sorted pebbly sandstone at fossil locality M1453, near the NW cor. sec. 36, T. 23 S., R. 7 E., contains about 40 percent calcite matrix, 20 percent shell fragments, 10 percent arkosic sand, 20 percent granules, and 10 percent pebbles. The pebbles and granules are generally rounded, and the sand grains, which are mostly 0.3 to 0.6 mm across, are angular.
Siltstone, in poorly exposed units that may be as thick as several tens of feet, is interbedded with the sandstone in some places. It is generally moderate yellowish brown, massive, and noncalcareous and has a hackly fracture.
THICKNESS
The base of the Vaqueros Formation is concealed in the map area. The thickness of the part of the Vaqueros exposed along the line of structure section A-A' (pi. 1), in sec. 22, T. 23 S., R. 7 E., is about 850 feet, and the total thickness of the formation may be much greater. Sandy beds that are questionably assigned to the Vaqueros were penetrated for about 2,600 feet in the Humble Oil and Refining Meta E. Oberg et al. 1, in sec. 19, T. 22 S., R. 8 E., near the north edge of the Jolon quadrangle (structure section A-A', pi. 1).
AGE AND CONDITIONS OF DEPOSITION
Specimens of Lyropecten magnolia from locality M1453, near the NW cor. sec. 36, T. 23 S., R. 7 E., and from locality M1454, in sec. 6, T. 24 S., R. 8 E., are the only identifiable fossils collected from the Vaqueros Formation in the map area, but they are indicative of early Miocene age, in terms of the California megafossil chronology (W. O. Addicott, written commun., 1962). Fossils in the Vaqueros indicate that the formation is at least partly marine, and their distribution suggests that the part of the unit exposed in the Jolon quadrangle probably is entirely marine.
MONTEREY SHALE
Blake (1855) named the Monterey Shale for exposures near the town of Monterey, about 55 miles northwest of the Jolon quadrangle. The lower part of the Monterey Shale is distinguished in the map area as the Sandholdt Member (Durham, 1963) . The Monterey Shale crops out mainly northeast of the San Antonio Eiver Valley in the Williams Hill quadrangle and southwest of the valley in a belt about 2 miles wide that trends northwest across the map area. Patches of Monterey that are surrounded by older alluvium or alluvium crop out at several places near the river.
The Monterey Shale conformably overlies the Vaqueros Formation. The lower contact of the Sandholdt Member of the Monterey is at the base of the stratigraphically lowest beds of calcareous mudstone or shale that overlie the dominantly sandy Vaqueros. The base is best exposed near the NE cor. sec. Y, T. 23 S., R. Y E., and in the northern part of sec. 36, T. 23 S., R. Y E.
SANDHOLDT MEMBER
The dominantly calcareous beds in the lower part of the Monterey Shale constitute the Sandholdt Member. The type area of the member is in Reliz Canyon, about 13 miles north of the Jolon quadrangle (Durham, 1963) . The Sandholdt crops out in fault blocks near the west edge of the Jolon quadrangle and along the southwest margin of the belt of Monterey Shale that trends diagonally across the quadrangle. The member is mainly calcareous mudstone and shale, but in some places it contains conspicuous amounts of siltstone, sandstone, porcelaneous rocks, chert, and dolomitic carbonate rock. The dominance of calcareous rocks in the member is its chief lithologic distinction. The descriptions of the rocks in the member are included with the lithologic description of the whole formation.
The upper contact of the Sandholdt Member is conformable and also gradational, for siliceous rocks characteristic of the upper part of the Monterey occur in the Sandholdt as well. The upper contact, which may not be at the same stratigraphic horizon throughout the may area, is best exposed near the north edge of sec. 36, T. 23 S., R. YE.
LITHOLOGY
Porcelaneous rooks
Porcelanite and porcelaneous mudstone constitute an estimated three-fourths of the Monterey Shale exclusive of the Sandholdt Member. Porcelanite is a siliceous rock that resembles unghized porcelain. X-ray analysis of the rock indicates that the silica is mainly cristobalite, quartz, and opal (R. A. Gulbrandsen, oral commun., 1962) . Porcelanite grades into porcelaneous mudstone and into mudstone by an increase in the ratio of clastic material to silica matrix. Some beds contain all three types of rock in irregular and gradational layers or lenses.
Beds of porcelanite and porcelaneous mudstone are generally 1 to 6 inches thick, but locally the rock may be either thinner or thicker Q12 CONTRIBUTIONS TO GENERAL GEOLOGY bedded. The bedding surfaces are most commonly nearly planar, but some are conspicuously irregular. Some porcelaneous rocks are laminated but lack fissility. They are chiefly pinkish gray or very pale orange but have a wide range of color that is mainly related to weathering. Porcelaneous mudstone commonly contains fish scales and molds of Foraminifera.
Clastic rocks
Mudstone is second in abundance to porcelaneous rocks in the Monterey Shale. Mudstone in the Sandholdt Member is mainly calcareous and friable, and mudstone in the upper part of the Monterey is noncalcareous and well cemented. The mudstone is ordinarily shaly, in beds 1 to 6 inches thick, but at some localities it is in beds 2 or more feet thick. Most commonly, both the calcareous and noncalcareous mudstones are very pale orange, but they have a wide color range that is related to weathering. The calcareous mudstone contains abundant fossil Foraminifera at some localities, and the noncalcareous rock contains fish scales, fossil diatoms, and molds of Foraminifera.
A thin section of laminated noncalcareous mudstone from sec. 30, T. 22 S., R. 7 E., in the Jolon quadrangle, contains about 7 percent angular sand grains that range in size from 0.06 to 0.2 mm. A thin section of platy mudstone from sec. 29, T. 22 S., R. 9 E., in the Williams Hill quadrangle, contains grains that are mainly 0.04 to 0.06 mm across, although a few are as large as 0.25 mm.
The lower part of the Sandholdt Member contains interbedded siltstone and sandstone. The siltstone is calcareous and commonly pale yellowish brown or very pale orange. The thickness of the siltstone beds is generally less than 2 inches, but at some localities it is as much as 2 feet. The sandstone is fine grained, calcareous, and pale yellowish orange. The thickness of the sandstone beds is commonly as much as 2 or 3 feet, but at some places it is less than an inch.
Carbonate beds and concretions
Dolomitic carbonate beds and concretions are estimated to constitute less than 5 percent of the Monterey Shale, but they are conspicuous because they are generally more resistant to weathering than are the enclosing beds. Dolomitic carbonate beds occur in both the Sandholdt Member and the upper part of the Monterey. Their thickness is commonly 6 to 12 inches, but at some localities it is 2 feet or more. The exposed rock is ordinarily very pale orange, but it has a wide color range that is mainly the result of weathering. X-ray analysis of similar rock from the Monterey in Reliz Canyon suggests that the carbonate is ferrous dolomite (R. A. Gulbrandsen, oral commun., 1962) . Calcite commonly fills joints in the carbonate beds. The JOLON AND WILLIAMS HILL QUADRANGLES, CALIF.
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Monterey also contains ellipsoidal concretions of dolomitic carbonate rock that are as thick as 2 feet and as long as 4 feet.
Cbert
Chert forms a small but conspicuous part of the Monterey Shale. It occurs both in the Sandholdt Member and in the upper part of the Monterey and is apparently more common south of than north of the San Antonio River. The chert is generally light olive gray, brownish gray, or brownish black and forms irregular beds 1 to 12 inches thick. Chert beds are associated with both porcelaneous and calcareous rocks.
THICKNESS
A completely exposed and unfaulted section of the Monterey Shale is lacking in the map area. The Sandholdt Member is about 480 feet thick, as measured on the geologic map where the structural relations are simple near the NW cor. sec. 36, T. 23 S., R. 7 E., in the Jolon quadrangle, and about 525 feet thick, as measured on structure section B-B' (pi. 2). The Sandholdt is apparently more than 900 feet thick where shown on structure section A-A' (pi. 1), but structural complications may cause the unit to appear too thick there. The thickness of the Monterey Shale northeast of the San Antonio River has a wide range. The General Petroleum Hotchkiss 35-29, in sec. 29, T. 22 S., R. 9 E., near the northeast corner of the Williams Hill quadrangle, was reportedly drilled in Monterey Shale to the depth of 6,259 feet (structure section B'-B"', pi. 2), but some wells in the southeast quarter of the quadrangle were drilled through little or no Monterey Shale before reaching the basement complex. The thickness of the Monterey south of the San Antonio River is indicated on structure section B'-B" (pi. 2) to be greater than 2,700 feet, and the thickness of the Monterey north of the river is indicated on the same structure section to be greater than 6,600 feet. 
AGE AND CONDITIONS OF DEPOSITION
PLIOCENE SERIES
UNNAMED FORMATION
Beds of sandstone and interjacent beds of mudstone, diatomaceous mudstone, and porcelaneous rocks that overlie the Monterey Shale in the map area are left unnamed because of uncertainty as to their relation to beds elsewhere in the Salinas Valley that were referred to the Santa Margarita Formation by Fairbanks (1904) , to the Santa Margarita Formation and the Jacalitos and Etchegoin Formations by English (1918, p. 229, 231) , to the Poncho Rico Formation by Reed (1925) , and to the King City Formation by Clark (1940) . They are tentatively correlated with similar unnamed beds in the quadrangles to the north (Durham, 1963 (Durham, , 1964 .
Sandstone and diatomaceous mudstone beds that are assigned to the unnamed formation crop out in the Jolon quadrangle in a structurally complex northwest-trending belt about one-quarter mile wide that lies near the edge of the hills northeast of the San Antonio River. The formation crops out in the Williams Hill quadrangle on both sides of the river, and beds questionably assigned to the unit crop out in several small areas near the margin of the hills in the northern part of the quadrangle. Several wells drilled near and southeast of Lockwood penetrated the unit.
The unnamed formation conformably overlies the Monterey Shale. The contact, which is at the base of the stratigraphically lowest sand-stone beds that overlie the Monterey, is gradational, for rocks characteristic of the Monterey also occur in the unnamed formation. The contact, which is best seen in sec. 4, T. 24 S., R. 8 E., near the south edge of the Williams Hill quadrangle, may not be at the same stratigraphic horizon throughout the map area.
LITHOLOGY
Sandstone
Sandstone of the unnamed formation ranges from very fine grained to coarse grained and pebbly. It commonly lacks well-defined bedding, but where beds are apparent, they are generally 6 to 24 inches thick. Some of the sandstone is well cemented with calcite; some is well indurated but lacks calcareous cement; and some is almost unconsolidated, like that at Quail Top, in sec. 33, T. 23 S., R. 8 E. Rounded granules and small pebbles of volcanic and basement rocks are common in sandstone beds near the top of the formation south of the San Antonio River. The weathered rock is generally very pale orange or pinkish gray. Fossils or fragments of fossils including mollusks, echinoids, diatoms, and Foraminifera are abundant in some beds.
A thin section of massive sandy rock from beds which are questionably assigned to the unnamed formation in sec. 28, T. 22 S., R. 8 E., north of the San Antonio River in the Williams Hill quadrangle, contains about 15 percent quartz, 20 percent feldspar, 5 percent rock fragments, 10 percent Foraminifera tests and fragments of fossil echinoids, and 50 percent calcite matrix. The sand grains are angular to rounded and are generally 0.3 to 0.6 mm across, although some grains and granules are as large as 2.5 mm. A thin section of similar rock from sec. 33, T. 23 S., R. 8 E., at Nelson Flat, south of the San Antonio River in the Williams Hill quadrangle, contains about 5 percent quartz, 10 percent feldspar, 3 percent rock fragments, 20 percent mollusk shell fragments, and 62 percent calcite matrix. The grains are subangular or subrounded and are mostly 0.3 to 0.6 mm in diameter, but they range from 0.15 to 1.6 mm. A thin section of noncalcareous sandstone from a bed, questionably assigned to the unnamed formation, that overlies diatom aceous mudstone beds west of the mouth of Wildcat Canyon in sec. 2, T. 23 S., R. 8 E., in the Williams Hill quadrangle, contains about 25 percent quartz, 25 percent feldspar, 10 percent rock fragments (chiefly chert), and 40 percent silt and clay matrix. The sand grains are angular to rounded and are generally 0.1 to 0.6 mm in diameter, although some are as large as 2 mm. The sandstone contains molds and casts of clams, and includes scattered rounded pebbles of chert that have sand-filled holes formed by boring clams before the clasts were incorporated into the rock. Two thin sections of very fine grained pinkish-gray noncalcareous sandstone from sees. 33 and 35, T.
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CONTRIBUTIONS TO GENERAL GEOLOGY 23 S., R. 8 E., south of the San Antonio River in the Williams Hill quadrangle, contain 40 to 50 percent sand grains and 50 to 60 percent silt and clay matrix. The sand grains are generally angular and 0.06 to 0.2 mm across, although a few scattered grains are as large as 0.75 mm. The rock is massive and well indurated and is associated with beds of porcelanite and diatomaceous mudstone.
Mudstone
Mudstone in the unnamed formation is pinkish gray or white, noncalcareous, and generally massive and moderately friable. Fossil diatoms are abundant in some beds. A thin section of pinkish-gray diatomaceous mudstone from a unit of interbedded mudstone and very fine grained sandstone near the base of the unnamed formation at the Ni,4 cor. sec. 4, T. 24 S., R. 8 E., south of the San Antonio River in the Williams Hill quadrangle, contains about 12 percent sand grains and 88 percent silt and clay matrix. The sand grains, which are randomly scattered in the rock, are angular and generally about 0.09 mm in longest dimension, although they range from 0.06 to 0.18 mm. A thin section of friable mudstone from vertical beds in the SW*4 sec. 21, T. 23 S., R. 9 E., north of the San Antonio River in the Williams Hill quadrangle, contains about 5 percent sand grains and 95 percent silt and clay matrix. The sand grains are angular and 0.09 to 0.14 mm in diameter. The rock is fissile, in beds about 1 inch thick, and contains biotite flakes and fossil Foraminifera.
Porcelaneous rocks
Porcelaneous rocks in the unnamed formation are similar to those in the Monterey Shale. They occur mainly in the lower part of the unit.
THICKNESS
The unnamed formation is apparently at least 200 feet thick where exposed southwest of the San Antonio River along the line of structure section B'-B" (pi. 2). The formation is about 160 feet thick iy2 miles to the southeast, as measured on the geologic map, and is even thinner 1 to 3 miles farther east. It may be much thicker northeast of the San Antonio River in the Jolon quadrangle, where the Humble Oil and Refining Meta E. Oberg et al. 1 was drilled for 1,200 feet through beds questionably assigned to the unnamed formation (structure section A-A'', pi. 1).
AGE AND CONDITIONS OF DEPOSITION
Mollusk shells are abundant in some beds of the unnamed formation, but they are generally fragmentary or poorly preserved. Table  1 lists the fauna from fossil locality M1455, near the Wy± cor. sec. 36, T. 23 S.j R. 8 E., that indicates a Pliocene age (W. 0. Addicott, oral commun., 1964). By its stratigraphic position and fossil content, the formation is considered Pliocene in age.
The fossiliferous beds in the unnamed formation are evidence for the marine origin of at least part, and presumably all, of the unit. 
TERTIARY AND QUATERNARY(P) SYSTEMS PLIOCENE AND PO3ISTOCENEI(?) SERIES
PASO ROBLE8 FORMATION
Fairbanks (1898) gave the name Paso Robles Formation to nonmarine beds exposed near the town of Paso Robles, about 25 miles southeast of the Williams Hill quadrangle. The formation crops out in the hills north of the San Antonio River in the Jolon quadrangle and in several areas near the river in the Williams Hill quadrangle.
The Paso Robles Formation overlies the unnamed formation with apparent conformity at most places in the map area, but beds north of the San Antonio River questionably assigned to the Paso Robles (pi. 2) unconformably overlie both the Monterey Shale and the unnamed formation. The contact is at the base of the stratigraphi-Q18 CONTRIBUTIONS TO GENERAL GEOLOGY cally lowest unfossiliferous conglomerate bed that overlies the finer grained rocks of the unnamed formation, or, locally, of the Monterey Shale. The contact with the unnamed formation is generally gradational, and the conglomerate at the base of the Paso Kobles has a matrix of friable sandstone similar to sandstone in the underlying beds of the unnamed formation. The contact is irregular near the center of the SWi/4 sec. 34, T. 23 S., R. 8 E., where part of the unnamed formation was apparently eroded prior to deposition of the Paso Robles.
LITHOLOGY
The Paso Robles Formation in the map area is chiefly conglomerate, conglomeratic sandstone, and sandstone. The larger clasts are generally rounded pebbles of porcelaneous rock and chert that are i/£ to 2 inches long. Locally, the conglomerate contains cobbles, and south of the San Antonio River, it commonly includes clasts of volcanic and basement rocks in addition to those of porcelaneous rocks and chert. The conglomerate generally has a matrix of friable poorly sorted arkosic sandstone. Conglomerate that is exposed in the Williams Hill quadrangle in sec. 21, T. 23 S., R. 9 E., north of the San Antonio River, and in the west half of sec. 36, T. 23 S., R. 8 E., south of the river, is questionably assigned to the Paso Robles. It consists of pebbles of porcelaneous rocks and chert so firmly cemented by silica that the rock breaks across, rather than around, the larger clasts. This well-cemented rock is identical with conglomerate at the base of the Paso Robles Formation in the Thompson Canyon and San Lucas quadrangles (Durham, 1963) 10 to 17 miles north of the map area.
Sandstone in the Paso Robles Formation is arkosic and generally massive, friable, and poorly sorted. It is commonly interbedded with, or grades into, conglomerate. Locally, sandstone is associated with beds of noncalcareous mudstone 1 to 2 feet thick.
The beds near Tule Canyon in the Williams Hill quadrangle that are questionably assigned to the Paso Robles Formation (pi. 2) include resistant beds of limestone. These limestone beds cap flat-topped ridges just north of the San Antonio River west of Tule Canyon. THICKNESS The Paso Robles Formation exposed south of the San Antonio River is no thicker than 200 feet but north of the river, where good exposures are lacking, it may be several hundred feet thick.
AGE AND CONDITIONS OF DEPOSITION
The Paso Robles Formation lacks indigenous fossils in the map area. This formation overlies beds that contain fossils of Pliocene age and unconformably underlies older alluvium and alluvium of Pleistocene and Recent age. The Paso Robles is thus limited in age to the Pliocene and Pleistocene.
The Paso Robles Formation is considered nonmarine because it lacks marine fossils and generally resembles the overlying older alluvium. The base of the Paso Robles presumably represents the beginning of nonmarine deposition following withdrawal of the _, Tertiary sea from the map area.
QUATERNARY SYSTEM
PLEISTOCENE AND RECENT(?) SERIES
OLDER ALLUVIUM
Older alluvium covers the area of low relief near the San Antonio -'
River and forms a series of coalescing alluvial fans that border the ; hills in the northeast part of the Williams Hill quadrangle. It also occurs in the valleys of many of the larger tributaries to the San Antonio and Nacimiento Rivers, where it is generally incised by modern streams. "* Patches of older alluvium on the flanks of Williams Hill and on the hills southwest of the San Antonio River are remnants of formerly : " more extensive fluviatile deposits unrelated to the present streams. Only the larger remnants are shown on the geologic maps (pis. 1 and 2). Scattered cobbles and small boulders of basement rock on some of the high ridges of Monterey Shale south of the river are probably thê local residuum of similar deposits. rr Older alluvium may cap some of the hills mapped as the Paso Robles Formation in the Jolon quadrangle, but the resemblance of older alluvium to the Paso Robles generally makes the distinction there -impractical. The older alluvium lies unconformably on the Paso Robles and older formations and is flat lying or has a small initial dip. It is ->.
apparently unaffected by faults that displace the Paso Robles and older formations. The older alluvium commonly consists of poorly indurated gravel, w^ sand, and silt, but in some places it is well cemented. Pebbles and cobbles in the older alluvium are generally of porcelaneous rocks similar to rock in the Monterey Shale, but the older alluvium in patches +?
near China Gulch, southwest of the San Antonio River, is unusual , because it contains clasts of volcanic rocks and red and green chert that were apparently derived from the Franciscan terrane of thẽ * Santa Lucia Range southwest of the map area.
, ^ The older alluvium lies unconformably on the Paso Robles Formation, and because of this stratigraphic 'position, it is considered of~+ Pleistocene and possibly Recent age. This alluvium is of fluviatilẽ * origin.
Q20 CONTRIBUTIONS TO GENERAL GEOLOGY
RECENT SERIES
ALLUVIUM
The 'beds of the San Antonio and Nacimiento Rivers and their tributaries contain sand and gravel. Two hundred pebbles and small cobbles counted at two localities along the San Antonio River were about 80 percent rocks from the basement complex, 15 percent porcelaneous rocks and chert, and 5 percent sandstone. Two hundred clasts counted at a gravel bar along the Nacimiento River were about 80 percent rocks from the basement complex, 20 percent sandstone, and 5 percent volcanic rocks.
STRUCTURE GENERAL FEATURES
The major structural divisions of the map area, in order from * southwest to northeast, are: (a) the structurally high area in the southwest corner of the Jolon quadrangle where beds of Paleocene( ?) age crop out, (b) the northwest-trending belt of faulted and folded rocks **" of Miocene and Pliocene age near the San Antonio River, (c) the area of low relief and a comparatively shallow basement complex that / extends from the northeast part of the Jolon quadrangle southeast across the center of the Williams Hill quadrangle, and (d) the hills of faulted and folded Monterey Shale in the northeast part of the Williams Hill quadrangle. The major faults in the map area trend north-* west, but cross faults that trend north to northeast are common. The ^ axes of the larger folds generally trend northwest.
The structurally high area in the southwest corner of the Jolon quadrangle, where beds of Paleocene( ?) age crop out, is bounded on *-the northeast by faults. The beds northeast of the Nacimiento River generally dip 10° 40° SW., except where they are locally disrupted by faults or broad folds. The 'beds southwest of the river generally ~~-dip more steeply, form northwest-trending folds, and may be affected by one or more northwest-trending faults.
A belt about 4 miles wide that contains rocks of Miocene and Plioi?^ cene age extends from the northwest corner of the Jolon quadrangle southeast into the southern part of the Williams Hill quadrangle. The San Antonio River follows a median course along the length of *« the belt. 'Southwest of the river in the Jolon quadrangle, faulted and , tightly folded beds of the Vaqueros Formation and Monterey Shale form a range of high hills. On both sides of the river in the Williams *-> Hill quadrangle, large faults are apparently scarce, and the Monterey ^_ Shale and overlying beds of Tertiary age form broad folds. Northeast of the river, rocks of Tertiary age are generally concealed beneath 4---older alluvium. The northeast border of the belt may be the system . _ JOLON AND WILLIAMS HILL QUADRANGLES, CALIF.
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of faults that is exposed in the hills northwest of Jolon. This fault system presumably continues southeast beneath the older alluvium and may lie concealed beneath strata questionably assigned to the Paso Robles Formation near the patch of Monterey Shale that is exposed along Tule Canyon in and near sec. 22, T. 23 S., R. 8 E.
The area of low relief that extends diagonally across the map area from north of Jolon to the southeast corner of the Williams Hill quadrangle is apparently structurally different from the areas to the southwest and northeast. The Paso Robles Formation crops out at the northwest end of the area, but elsewhere the Paso Robles and older formations are concealed by older alluvium. Several wells that were drilled for oil near the southeast end of the area in sees. 18,19, and 33, T. 23 S., R. 9 E., penetrated an abbreviated sequence of beds of Tertiary age and reached the pre-Tertiary basement complex at depths between 200 and 600 feet below sea level (table 2) . Information from wells drilled to the northwest suggests that the Monterey Shale is thinner, and the post-Monterey marine unit is thicker than they are near the San Antonio River (structure section A-A', pi. 1). Rocks of middle Miocene age are reportedly absent in some of the wells. The northeast boundary of this structural subdivision is apparently a system of faults concealed by older alluvium near the edge of the hills in the northeast part of the Williams Hill quadrangle, although the northwest-trending fault exposed in sec. 20, T. 23 S., R. 9 E., may belong to the system. This system of faults may be the southeast extension of the fault zone that similarly forms the southwest border of hills in the Cosio Knob quadrangle (Durham, 1964) .
The hills in the northeast corner of the Williams Hill quadrangle are characterized by a thick sequence of Monterey Shale beds that are faulted and folded. The major faults trend northwest, but east-to northeast-trending cross faults are common. The General Petroleum Wright-Texas 25-5, between the traces of two large northwesttrending faults in sec. 5, T. 23 S., R. 9 E., reportedly bottomed in the pre-Tertiary basement complex at a depth of 2,587 feet. The General Petroleum Hotchkiss 35-29, drilled about 2 miles to the north across a large fault, reportedly failed to reach the basement complex at its total depth of 6,259 feet.
Structure section A-A', B-B', and B'-B" (pis. 1 and 2) illustrate the near-surface structure of the map area, mainly as extrapolated from surface data. The faults on the sections are arbitrarily shown as vertical, but information concerning their dip is generally lacking. The folds exposed at the surface are assumed to extend to the base of the sections as parallel folds.
Q22 CONTRIBUTIONS TO GENERAL GEOLOGY
FAULTS
The location or approximate location of faults that separate rocks of unlike lithologic character in the map area is generally apparent, but the location or even the existence of faults that are confined to a single lithologic unit such as the Monterey Shale is commonly in doubt. Small faults in the Monterey, like the one shown in figure 4 , can only rarely be traced for any distance, but they are of interest as examples of how the Monterey is deformed. Faults located with certainty are indicated on the geologic maps by a solid line. Those located only approximately, generally because they are in areas of poor exposure,, are indicated by a dashed line. Faults whose location and existence are inferred from indirect evidence are indicated by a dashed line with queries. The inferred faults are generally shown to separate areas of unlike structure or to link a series of anomalous structural features. Some inferred faults represent extensions of known faults.
Some faults in the map area are of particular interest. The inferred fault that is shown to trend northwest from sec. 27 to sec. 17, T. 23 S., R. 7 E., iy2 miles northeast of the Nacimiento River, is based on outcrops of pre-Tertiary basement complex that are interpreted on the map as slivers of basement complex uplifted along the fault. River near the N% cor. sec. 34, T. 23 S., R. 8 E.
